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a b s t r a c t
Disturbed processing of emotional faces and voices is typically observed in schizophrenia. This deﬁcit
leads to impaired social cognition and interactions. In this study, we investigated whether impaired
processing of emotions also affects musical stimuli, which are widely present in daily life and known for
their emotional impact. Thirty schizophrenic patients and 30 matched healthy controls evaluated the
emotional content of musical, vocal and facial stimuli. Schizophrenic patients are less accurate than
healthy controls in recognizing emotion in music, voices and faces. Our results conﬁrm impaired re-
cognition of emotion in voice and face stimuli in schizophrenic patients and extend this observation to
the recognition of emotion in musical stimuli.
& 2015 Published by Elsevier Ireland Ltd.
1. Introduction
Research and clinical reports have repeatedly shown that
schizophrenia is associated with affective deﬁcits (e.g., anhedonia,
avolition, alogia, ﬂat affect) and many studies suggest a global
emotional deﬁcit in schizophrenic patients (SP) (Putnam and
Kring, 2007; Kring and Elis, 2013). These deﬁcits seem to be re-
lated to social function vulnerability previously observed in schi-
zophrenia (Hooker and Park, 2002). SP present deﬁcits in social
skills and social cognition, which means difﬁculties in the mental
operations related to social interactions (Brüne, 2005). These are
perception, understanding, anticipation and reaction to social
warnings, which are crucial for adapted social interactions like the
generation of responses to the intentions and behaviors of others
(Hoekert et al., 2007; Green et al., 2008). Disturbances at the level
of social cognition may explain impairments in social functioning
(Pinkham et al., 2003). Given that vocal and facial emotional re-
cognition are important basic aspects of social cognition, deﬁcits at
this level may lead to a decrease in social capacities, particularly in
interpersonal misunderstanding, or inadequate social behavior
(Pinkham and Penn, 2006). According to these ﬁndings, Couture
et al. (2006) report signiﬁcant associations between emotion
perception and social behavior in schizophrenia. Diminished af-
fective expression and recognition have been regularly identiﬁed
in faces and speech prosody in SP who often show reduced
emotional expressivity and a deﬁcit in emotional identiﬁcation of
vocal (Kurcharska-Pietura et al., 2005; Rossell and Boundy, 2005)
and facial expressions (Edwards et al., 2001).
One remaining question is whether the deﬁcit in emotion re-
cognition in SP is limited to aspects of social communication (i.e.,
in faces and voices) or whether it may be more general and would
involve other affective stimuli (e.g., music, odors).
To our knowledge no study has examined the ability of SP to
recognize emotions in music. This aspect may be particularly
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interesting because music is a constant companion throughout life
and previous studies reported differences in emotion recognition
in voice and music. Escofﬁer et al. (2013), for example, found dif-
ferent cerebral activation in emotion and pitch evaluation in voice
and music. Furthermore, Weiss et al. (2012) reported that a mel-
ody was better recognized when it is sung by a voice (i.e. biological
signiﬁcant timbre) than when it’s played by an instrument.
Music is indeed all around us everyday, either voluntarily (e.g.
mp3 listening) or not (e.g. restaurant and in-store music, Bruner,
1990). Recent research on music use in everyday life showed that
music is present in 37–9% of the reported life situations (North
et al., 2004; Juslin et al., 2008). In 64% of the episodes involving
music, participants reported that music inﬂuenced their emotional
state (Juslin et al., 2008). Besides, several studies enlightened the
frequent use of music for emotion regulation (Saarikallio, 2010;
VanGoethemand Sloboda, 2011; Skanland, 2013).
Furthermore, similar emotion-speciﬁc acoustic cues are used to
communicate emotion in speech and music (Juslin and Laukka,
2003). The authors cite speech rate/tempo, voice intensity/sound
level, voice quality/timbre and F0/pitch as the most powerful and
common features for both expressions. Music was considered as a
complementary system to language for maintaining social bonds
millions of years ago (Thompson, 2009). Although, today music
goes beyond its social characteristics and is able to accompany
people everywhere they are (e.g., mp3 player, Skanland, 2013).
A growing body of research discuss the fact that music listening
through mp3 player may lead to a social isolation of the person
(Bull, 2007; Skanland, 2013). Bull (2007) reports that people admit
resenting people who interrupt their music listening to talk to
them. Likewise, music is described as”armor” against outside sti-
muli and a possibility for listeners to manage their state of mind
by isolating themselves from their surroundings (Skanland, 2013).
We argue that the music used in today’s context presents an ad-
ditional mean for social interaction regulation.
Moreover, some authors suggest that SP use music as an active
coping strategy for hallucinations and emotion regulation (Farhall
et al., 2007). Minato and Zemke (2004) indeed observed that SP
without work-related routines tend more to listen to music,
watching television and reading magazines.
Considering the parallels between vocal and musical emotion
processing, the objective of the present study was to investigate
whether SP show a deﬁcit in emotion recognition in music as well.
Analysis of emotion perception from musical cues could provide
further insight into emotion perception in SP and, if present, may
lead to further questions for the research and clinical implications
of music for SP.
2. Method
2.1. Participants
Thirty paranoid schizophrenic individuals (19 women, 11 men)
were recruited through the Department of Psychiatry of the Cliniques
Universitaires Saint-Luc (Brussels, Belgium), the Hôpital Psychiatrique du
Beau Vallon (Namur, Belgium) and Saint-Pierre Clinic Psychiatric De-
partment (Ottignies, Belgium). The subgroup of paranoid schizo-
phrenic patients was chosen in order to obtain a standardized sample.
Exclusion criteria were current or past neurological disease (e.g., epi-
lepsy, dementia, vascular cerebral accident), auditory deﬁcits and
substance dependency comorbidity. All participants were in a stable
phase for at least 6 months under atypical and mixed (typical and
atypical) antipsychotics. Psychopathology was assessed with PANSS
(Kay et al., 1987) and SANS (Andreasen, 1984).
Thirty healthy participants were recruited, by matching each
individual patient to a speciﬁc control for gender, age and
education. Exclusion criteria were current or past neurological
disease, personal or siblings' psychiatric disease. Given the one-to-
one individual matching, samples did not differ in sex (19 women,
11 men), age (t(58)¼0.19, ns), or education (t(58)¼0.72, ns).
Clinical and demographic characteristics of the groups are shown
in Table 1.
2.2. Procedure
The Ethical Committee of the Medical Faculty of the Université
Catholique de Louvain approved the design. After a thorough de-
scription of the study, informed consent was obtained from the
participants. The experiment was divided into two sessions to
prevent overloading and to maintain participant’s concentration.
Firstly, the participants completed the questionnaires and the
music task; secondly, they evaluated the vocal and facial stimuli.
2.2.1. Clinical assessment and control measures
Depression was measured by the Beck's Depression Inventory
(BDI, French version in 21 items (Beck et al., 1961) and state/trait
anxiety by the State Trait Anxiety Inventory (Spielberger, 1983).
Attention ability, evaluated using the D2 attention test (Brick-
enkamp, 1969), was used as a cognitive control measure.
2.2.2. Experimental tasks
The musical material consisted of 56 validated excerpts se-
lected from Vieillard et al. (2008), 14 in each of four emotion ca-
tegories (happiness, sadness, threat, peacefulness). The excerpts
were computer-generated and recorded in a piano timbre in
Western tonal system. Participants were instructed to rate the
intensity of the four emotions using a 10-point scale (from 0 for
absent to 9 for highly present).
A validated set of non-verbal vocal affect bursts (Belin et al., 2008)
was computer-recorded from ﬁve male and ﬁve female actors. The
bursts expressed seven different emotions: anger, disgust, fear, sad-
ness, surprise, joy and neutrality. Thirty-ﬁve excerpts were used in
order to have 5 for each of the six emotions. Participants were in-
structed to rate the intensity of the six emotional and neutral voices
using a 10-point scale (from 0 for absent to 9 for highly present).
A series of 25 validated facial stimuli were computer-generated
from three male and two female faces (Maurage et al., 2007). The
Table 1
Clinical and demographic characteristics of schizophrenia patients and healthy
controls.
Schizophrenic patients
N¼30 Means (S.D.)
Healthy controls
N¼30 Means (S.D.)
Male/female 11/19 11/19
Age, years 35.5 (12.7) 34.9 (14.3)
Years of education 12 (2.19) 12.5 (1.71)
Number of years of illness 10.9 (9.4) NAa
Age of onset of disease 24.6 (9.9) NAa
Medication: Atypical Aps/
Typical and Atypical Aps
22/8 NAa
BDI-II 14.76 (10,6) 3.44 (3.44)
STAI-Y A 49.7 (12,1) 42.1 (7.56)
STAI-Y B 52 (11.1) 40.0 (5.3)
D2 18.9 (24.1) 41.7 (28.1)
PANSS positive 17.9 (6.1) NAa
Negative 21.1 (7.2) NAa
General 38.5 (10.0) NAa
Total 72.2 (27.0) NAa
SANS 41.4 (18.5) NAa
a Not Applicable.
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facial stimuli expressed ﬁve different emotions (joy, sadness, fear,
anger and neutrality). Participants were instructed to rate the in-
tensity of the four emotional and neutral faces using a 10-point
scale (from 0 for absent to 9 for highly present).
For all stimuli, they had to judge whether the excerpt explicitly
expressed the chosen emotion on the scale. Participants had been
previously informed that they had to provide a rating for all
emotion labels. As participants were asked to rate the stimuli on a
10-point scale, intensity ratings have been calculated from the
mean ratings of all emotion labels for all stimuli from the same
emotion (e.g. FHH is the mean rating of a happy face on the happy
emotion scale, FHS is the mean rating of a happy face on the sad
emotion scale). All these ratings (hits and misses) have been in-
tegrated in the intensity rating analysis.
Accuracy scores (1 point) were given when participants gave
the maximal rating for the intended emotion. When they did not
rate the target emotion as the highest or when two emotions re-
ceived the same highest rating, no point was given. For the neutral
stimuli, participants received one point if they rated all the emo-
tional labels as 0 (absence of the emotion). This method, used by
Vieillard et al. (2008) for the validation of musical excerpts, was
entirely transferred to the present study. This method allows us to
get out of a binary rating to a continuous variable and requires
more discriminant evaluation capacities leading to more hidden
group or emotion error types (over/underestimation). The same
method has already been used by Naranjo et al. (2011) and
Kornreich et al. (2012) to compare emotion recognition capacities
in major depression and alcoholism.
3. Results
All the statistical analyses were conducted using SPSS. For each
emotional task, decoding accuracy scores and intensity ratings
were examined using Multivariate analysis of variance (MANOVA)
with Stimulus (music, face and voice) and Intensity rating as
within-subject factors and Group as a between-subjects factor. All
analyses were conducted using two-tailed signiﬁcance tests at the
0.05 level. Post-hoc analyses were run when needed.
Preliminary correlations between recognition accuracy and
independent measures (STAI, BDI, D2) were realized using two-
way Spearman coefﬁcients. No signiﬁcant correlations were ob-
served between BDI, STAI-B and d2 and accuracy. Therefore all
following analyses were collapsed across these factors.
Participants were matched for gender between groups, but in-
group gender distributions were not equal (19 women and 11
men). Therefore we controlled for in-group gender differences,
which were not signiﬁcant for music F(1,28)¼0.847, p40.05,
ƞ²¼0.02 (SP); F(1,28)¼0.018, p40.05, ƞ²¼0.00 (NC), face
F(1,28)¼2.286, p40.05, ƞ²¼0.07 (SP); F(1,28)¼0.157, p40.05,
ƞ²¼0.00 (NC) and voice F(1,28)¼0.073, p40.05, ƞ²¼0.00 (SP);
F(1,28)¼0.743, p40.05, ƞ²¼0.02 (NC). General results are shown in
Table 2.
3.1. Emotion recognition accuracy
3.1.1. Music
SP were signiﬁcantly less accurate (mean¼0.49; SD¼0.03) in
the identiﬁcation of emotions than controls (mean¼0.65;
SD¼0.03), F(1,58)¼8.169, po0.006, ƞ²¼0.12 (Table 3). We also
found a main effect of emotion, F(3,56)¼15.987, po0.0001,
ƞ²¼0.46, demonstrating that happiness (mean¼0.73, SD¼0.03)
was most accurately recognized, followed by threat (mean¼0.60,
SD¼0.03), peacefulness (mean¼0.46, SD¼0.04), and sadness
(mean¼0.47, SD¼0.03). The means were signiﬁcantly different,
except between peacefulness and sadness. No Group × Stimulus
interaction was found.
3.1.2. Voice
SP were signiﬁcantly less accurate than controls in the identi-
ﬁcation of emotions, F(1,58)¼9.630, po0.003, ƞ²¼0.14 (Table 3).
Both groups also showed an emotion effect but no Group × Sti-
mulus interaction. In general, participants identiﬁed happiness
(mean¼0.78, SD¼0.36a), sadness (mean¼ 0.74, SD¼0.35a) and
disgust (mean¼0.74, SD¼0.35a) more accurately than surprise
(mean¼0.53, SD¼0.38d), fear (mean¼0.41, SD¼0.37b) and neu-
trality (mean¼0.34, SD¼0.50b). Finally, anger (mean¼0.18,
SD¼0.25c) was identiﬁed the less accurate than from all emotional
vocalizations. Different exponents mean that the results are sig-
niﬁcantly different at po0.05.
3.1.3. Face
SP were signiﬁcantly less accurate in the identiﬁcation of facial
emotions than the controls (F(1,58) ¼9.616, po0.003, ƞ²¼0.14)
(Table 3). Post-hoc analyses using one-way ANOVA were
Table 2
F-values for MANOVA.
Sources F df sig ƞ²
Accuracy scores
Music accuracy
scores
Group 8.169 1,58 0.006 0.12
Stimulus 15.987 3,56 o0.0001 0.46
Group × Stimulus 1.014 3,56 ns 0.05
Voice accuracy
scores
Group 9.630 1,58 0.003 0.14
Stimulus 48.252 6,53 o0.0001 0.84
Group × Stimulus 1.280 6,53 ns 0.13
Face accuracy scores Group 9.616 1,58 0.003 0.14
Stimulus 38.201 4,55 o0.0001 0.73
Group × Stimulus 3.198 4,55 0.020 0.018
Intensity scores
Music intensity
scores
Group 3.587 1,58 0.063 0.06
Stimulus 6.184 3,56 0.001 0.25
Intensity 5.401 3,56 0.002 0.22
Group × Intensity 1.198 3,56 ns 0.06
Group × Stimulus 0.672 3,56 ns 0.03
Stimulus × Intensity 45.578 9,50 o .0001 0.89
Group × Stimulus ×
Intensity
1.444 9,50 ns 0.20
Voice intensity
scores
Group 1.072 1,58 ns 0.02
Stimulus 16.801 6,53 o0.0001 0.65
Intensity 22.834 5,54 o0.0001 0.68
Group × Intensity 0.938 5,54 ns 0.08
Group × Stimulus 0.921 6,53 ns 0.09
Stimulus × Intensity 14.030 30,29 o0.0001 0.93
Group × Stimulus ×
Intensity
1.609 30,29 ns 0.63
Face intensity scores Group 2.648 1,58 ns 0.04
Stimulus 22.348 4,55 o0.0001 0.62
Intensity 13.339 3,56 o0.0001 0.42
Group × Intensity 0.827 3,56 ns 0.04
Group × Stimulus 1.458 4,55 ns 0.09
Stimulus × Intensity 63.867 12,47 o0.0001 0.94
Group × Stimulus ×
Intensity
2.399 12,47 0.016 0.38
Note: ns4 .05
Table 3
Mean (SD) emotion accuracy scores for music, voice and face in schizophrenic
patients (SP) and normal controls (NC).
SCH NC
Music 0.47a (.25) 0.64b (.15)
Voice 0.47a (0.16) 0.58b (0.15)
Face 0.59a (0.22) 0.76b (0.19)
Note: Between columns (SP, NC) different exponents mean that the results are
signiﬁcantly different po .05.
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conducted to investigate the Group × Stimulus interaction
(F(4,55)¼3.198, po0.02, ƞ²¼0.18). The schizophrenic group was
signiﬁcantly less accurate than the controls in identifying sadness
(po0.001), fear (po0.0001) and neutral faces (po0.004) but not
joy (p¼0.27) or anger (p¼0.422). SP recognized joy and anger
with the greatest accuracy, followed by sadness and fear. Partici-
pants in the control group rated joy and anger most accurately,
followed by fear and sadness. Results of the interaction effect are
shown in Table 4.
3.2. Emotion intensity rating
3.2.1. Music
There was a trend towards a difference between the groups in
overall intensity ratings for musical stimuli, (F(1,58)¼3.587,
p¼0.06, ƞ²¼0.06), with a tendency for SP (mean¼3.47, SD¼0.18)
to rate music as more emotionally intense than controls did
(mean¼2.97, SD¼0.18). Post-hoc analyses using one-way Anovas
were conducted to investigate the Stimulus × Intensity interaction
(F(9,50)¼45.57, po0.001, ƞ²¼0.89). The rating results for the dif-
ferent music excerpts are illustrated in Table 5.
3.2.2. Voice
Overall, we found a general stimulus (F(6,53)¼16.8, po0.001,
ƞ²¼0.65) as well as a general intensity effect (F(5,54)¼22.83,
po0.001, ƞ²¼0.68). Participants rated surprise (mean¼3.12,
SD¼0.22) as having the greatest intensity, followed by disgust
(mean¼2.42, SD¼0.19) and fear (mean¼2.38, SD¼0.17). Post-hoc
analyses using one-way Anovas were conducted to investigate the
Stimulus × Intensity interaction, (F(30,29) ¼14.03, po0.001,
ƞ²¼0.93). For all emotional voices, the correct emotion was rated
with the highest intensity, except for the anger stimulus, which
was misinterpreted as surprise.
3.2.3. Face
We didn’t ﬁnd a general group effect, but either a stimulus,
(F(4,55)¼22.35, po0.001, ƞ²¼0.62) and intensity effect, (F(3,56)
¼13.33, po0.001, ƞ²¼0.42). Further, we found a two-way Stimu-
lus × Intensity interaction and Post-hoc analyses using one-way
Anovas were conducted to investigate the Group × Intensity ×
Stimulus interaction, (F(12,47) ¼2.39, po0.05, ƞ²¼0.38). We found
a signiﬁcant group × emotion effect for anger, F(3,56)¼2.861,
po0.045, and fear, F(3,56)¼3.179, po0.031. A more detailed ana-
lysis showed that SP (mean¼3.92, SD¼2.7) rated the fearful faces
signiﬁcantly higher on the sadness scale than did normal controls
(mean¼2.28, SD¼1.63). Results are shown in Table 5.
3.3. Correlational analyses (PANSS, SANS)
In the emotion recognition accuracy for all music stimuli, re-
cognition scores negatively correlated with PANSS positive scores
(r¼0.380 to 0.540; po0.05) for SP. The more positive symp-
toms were present, the less able were SP to correctly identify the
different emotional musical stimuli. These coefﬁcients became
non-signiﬁcant after applying Bonferroni correction for multiple
correlations (po0.05/20¼po0.002). In emotion recognition ac-
curacy for facial stimuli, there were two negative correlations
between recognition scores and PANSS positive scores for sad faces
(r¼0.364; p¼0.05) and joyful faces (r¼0.397; p¼0.05). These
coefﬁcients became non-signiﬁcant after applying Bonferroni
correction for multiple correlations (po0.05/25¼po0.002). No
other correlations, with SANS or PANSS negative scores have been
found.
4. Discussion
The present study investigated the processing of emotional
information in schizophrenic individuals. Our results show that SP
have impaired ability to accurately identify emotional content
from faces, voices and music. A deﬁcit in emotion identiﬁcation of
social stimuli (face and voice) has already been well documented
for SP (Kurcharska-Pietura et al., 2005; Constant et al., 2011;
Comparelli et al., 2013).
In line with these ﬁndings, we found a group with emotion
interaction for face identiﬁcation. As in previous studies, we ob-
served that impairments for SP were strongest in detecting fearful
Table 4
Mean (SD) emotion accuracy scores for different emotional faces in schizophrenic
patients (SP) and normal controls (NC).
Angry Fearful Happy Neutral Sad
SP 0.77a,1 (0.06) 0.50a,2 (0.07) 0.89a,3 (0.04) 0.25a,4 (0.06) 0.54a,2 (0.07)
NC 0.82a,1 (0.05) 0.81b,1 (0.04) 0.96a,2 (0.03) 0.44b,3 (0.08) 0.75b,1 (0.06)
Note: Between rows (a,b,c) and columns (1,2,3), different exponents mean that the
results are signiﬁcantly different po0.05.
Table 5
Mean (SD) intensity ratings for music and face stimuli in schizophrenic patients (SP) and normal controls (NC).
Rating Fearful Happy Sad Angry Peaceful
Music Fearful SP 5.96a (0.38) 1.87b(0.29) 3.37c (0.45) / 1.67b(0.32)
NC 5.80a (0.33) 1.34b(0.21) 2.89c (0.35) / 1.13b (0.23)
Happy SP 1.63a (0.38) 7.06b(0.32) 1.09c(0.27) / 4.10d(0.46)
NC 0.60a(0.17) 7.12b(0.21) 0.55a (0.13) / 2.99d(0.33)
Sad SP 3.51a (0.40) 1.75b(0.33) 5.52c(0.35) / 3.36a (0.40)
NC 2.49a (0.31) 1.02b (0.22) 5.61c (0.34) / 3.33a(0.34)
Peaceful SP 1.70a,b (0.28) 3.79b(0.45) 3.33a(0.38) / 5.87a.b(0.32)
NC 1.29a,b (0.23) 2.81b (0.27) 3.26b(0.33) / 5.32a.b (0.29)
Face Fearful SP 5.76a (0.40) 0.43b (0.15) 3.92c (0.49) 1.49d (0.43) /
NC 5.97a (0.39) 0.50b (0.16) 2.29c (0.30) 1.13d (0.27) /
Happy SP 1.12a (0.33) 7.28b (0.35) 0.54c (0.21) 0.52c (0.17) /
NC 0.67a (0.21) 7.05b (0.31) 0.41c (0.14) 0.40c (0.15) /
Sad SP 3.61a (0.49) 0.39b (0.14) 6.03c (0.40) 1.72d (0.43) /
NC 2.17a (0.43) 0.41b (0.13) 6.41c (0.35) 1.37d (0.29) /
Angry SP 3.17a (0.57) 0.40b (0.17) 0.58b (0.17) 7.60c (0.23) /
NC 2.16a (0.47) 0.42b (0.16) 0.99c (0.26) 7.23d (0.34) /
Neutral SP 3.09a (0.43) 1.83b (0.4) 2.18c (0.40) 1.56b (0.31) /
NC 1.96a (0.30) 0.82b (0.26) 1.50a (0.26) 1.07b (0.22) /
Note: Between columns, different exponents mean that the results are signiﬁcantly different po0.05.
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faces (Leitman et al., 2007; Comparelli et al., 2013). A possible
explanation is that SP avoid looking at important facial regions to
detect emotion (especially in people's eyes). Indeed, healthy in-
dividuals process the eye region of fearful faces faster and more
easily than other regions (Morris et al., 2009). In our study, SP
misinterpreted fearful faces as sad faces, conﬁrming the above-
mentioned deﬁcit. However, SP also misinterpreted neutral faces
as fearful. Mier et al. (2014) found that SP show greater tendency
to attribute negative emotions to neutral stimuli. These results
may be linked to greater amygdala activation in patients when
evaluating neutral stimuli.
Furthermore, we found general emotion effects for all partici-
pants and every modality (music, face, voice). Overall, participants
recognized more accurately happy stimuli than other stimuli.
Kurcharska-Pietura et al. (2005) also mentioned a main effect of
emotion with facilitation for happy stimuli. An explanation for this
ﬁnding is that, especially in the vocal and facial category, partici-
pants were asked to rate more negative than positive emotions. It
would thus be easier to distinguish positive from negative stimuli
than to distinguish between different negative stimuli, which need
more cues to be discriminated. This explanation is in line with the
distinctiveness effect found in emotion recognition (Dewhurst and
Parry, 2000). Furthermore, a happy face is easier to identify than
an angry face and this could be related to the simple perceptual
properties of the stimuli (Mermillod et al., 2009). More recent
studies conﬁrm and extend the effect to all negative emotions,
because of the u-shaped mouth form of happy face (Kirita and
Endo, 1995).
Therefore we emphasize the music rating part of our study.
Indeed, in this modality two positive (happy, peaceful) and two
negative (threat, sad) emotions as well as two highly arousing
(happy, threat) and two less arousing (sad, peaceful) character-
istics are used. In this case, the arousal level of the stimuli may
affect the emotion identiﬁcation distribution we observed, because
participants rated the highly arousing stimuli more accurately
than the less arousing stimuli. Leitman et al. (2010) found that SP
show reduced sensitivity and use more intensity cues to identify
auditory emotions to balance out their deﬁcit in pitch-based cues.
In line with their observations, we found a tendency suggesting
that SP perceived the musical stimuli as more intense than the
control subjects.
In addition to previous ﬁndings reporting a deﬁcit of emotion
identiﬁcation of social stimuli, we found that SP also show deﬁcits
in identifying the emotion of musical stimuli. As presented earlier,
these impairments suggest that music and voice share several
features of sound production. Indeed, speech prosody and music
include rhythm, pitch, melody, tempo and volume as part of
emotional non-verbal information (Leitman et al., 2010; Weisger-
ber et al., 2013). Some studies already observed auditory deﬁcits in
SP for nonverbal vocal cues (Leitman et al., 2010) and more recent
studies raise the argument that these deﬁcits may be linked to an
identiﬁcation deﬁcit of more general music features (i.e. amusia,
Hatada et al., 2014; Kantrowitz et al., 2014; Wen et al., 2014).
Moreover, several authors (Leitman et al., 2005; Kring and Elis,
2013) propose that visual and auditory channels show different
sensory-driven deﬁcits in emotion identiﬁcation and that emotion
perception deﬁcits are linked to general perception deﬁcits (e.g.
face processing and pitch processing).
As mentioned earlier, music is nowadays a current company in
people's life. Moreover, music is one of the preferred coping
strategies of SP (Hayashi et al., 2002). Farhall et al. (2007) sug-
gested that schizophrenic patients either use music to regulate
their emotions or because of its competitive character to confront
auditory hallucinations. In that matter, we would like to draw at-
tention to possible maladaptive use of music for everyday emotion
regulation (Miranda et al., 2013). The authors cite different studies,
which emphasize the possible inﬂuence of maladaptive self-reg-
ulation through music. Miranda and Claes (2007) for example,
found that even after controlling for confounders (drug use, an-
xiety, school problems), metal music was linked to more depres-
sion in adolescent girls. Furthermore, North and Hargreaves
(2006) showed that hard rock, hip-hop and punk predicts suicide
ideation in university students. SP may use music listening in a
maladaptive way when they try to resist the voices by drowning
them out with loud music. In their meta-analysis, Farhall et al.
(2007) pointed out that resistance to voices may have emotional
costs for the person and that the effectiveness of the strategy may
depends on the situation (e.g. music listening for mild hallucina-
tions vs ineffective for more intrusive ones).
Despite all these ﬁndings, some limitations have to be noted.
Firstly, it was not possible to compare the different tasks of
emotion recognition because we used different categorization in
emotional stimuli (from the original validation) for the musical,
vocal and facial stimuli. Furthermore, neutral items were eval-
uated only through emotion rating scales; this may induce a risk of
rating anyway on the emotional scales because of the lack of a
neutral option.
Furthermore, recent research observed that SP might present a
more basic perception deﬁcit in the visual and auditory domain
(e.g. amusia), which may explain a part of the deﬁcits observed in
this study.
Nevertheless, our results conﬁrm deﬁcits in emotion identiﬁ-
cation of faces and voices in SP, functions that are essential for
adequate social functioning. We also found a deﬁcit in emotion
detection of music, with higher intensity ratings in SP than in
controls.
To sum up, SP show difﬁculties to recognize emotions from faces,
voices and music, which is consistent with a generalized emotion
decoding impairment. Schizophrenia has also been associated with
impairments of emotion identiﬁcation in self and others and is still
strongly linked to social cognition deﬁcits as well. Clinical con-
sequences include potential misattributions of emotions to others,
with possible interpersonal relationships difﬁculties and higher risk of
relapse. Moreover, SP show emotion identiﬁcation impairments for
musical stimuli. However, previous research observed that these im-
pairments might be linked to a more basic perception deﬁcit (Leitman
et al., 2005; Kring and Elis, 2013).
After all, Farhall et al. (2007) reported that SP often use music
as coping strategy for hallucinations and emotion regulation and
sometimes maybe in a maladaptive way.
Nevertheless, in a meta-analysis, Gold et al. (2005) described
that music therapy has a positive effect on general symptoms and
negative symptoms of schizophrenia. Moreover, Skanland (2013)
reported that participants (non clinical population) sometimes use
music to investigate their mood and that it can help to ﬁnd out in
what mood the person is, to feel it, to understand it and then to
react. These results should encourage further investigations into
music and emotion research within clinical populations to un-
derstand the modes of music listening and how to promote
healthy listening habits.
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